Abstract --An example of clinical data re-use achieved in an Italian region for HIV patient treatment is given. A network including all public hospitals in this region has been setup, using several standards at different levels. Specifically, the indications of Healthcare Service Specification Project (HSSP) jointly developed by HL7 and OMG have been extensively used. The automated system which has been setup has brought about a significant increase in the number of lab-tests that have been collected for clinical data re-use purposes. It is intended to extend the software environment to other regions and ultimately at national level.
I. INTRODUCTION
Nowadays large amounts of clinical data are produced during daily routine in hospitals, and most of it is generated in a native digital format [1] . It would be extremely useful if these large amounts of data, which directly derive from real hospital, could be easily used also for research purposes. Unfortunately, many barriers make it difficult to achieve this important re-use:
-most of these data are recorded using a proprietary format; -when coded, the codes that are used are local -in many cases, people in charge are concerned about privacy issues when clinical data are made available to external organizations. It is possible to summarize these aspects under the polysemanWLF WHUP ³LQWHURSHUDELOLW\´ ,QWHURSHUDELOLW\ can be achieved by a correct use of several standards at different levels. The efforts of the HSSP project assure that clinical data can be adequately located and retrieved and the correct management of identification indexes can provide an appropriate level of pseudo-anonymization [2] [3] . This paper describes an example of clinical data re-use achieved in the Liguria Italian region for the Liguria HIV network (LHN) [4] , in which all Liguria hospitals that treat HIV patients share their native digital data in a common repository. So, all doctors in the network can use their data either to perform local clinical trial or to participate to national and international observational studies. Therefore, this repository contains well assessed and standardized clinical information [5] .
The collaboration between LHN and the Italian Coordinated Study on Allergy and HIV Infection (CISAI) [6] within the Surveillance Cohort Long-Term Toxicity Antiretrovirals (SCOLTA) observational study is the main subject of this paper.
SCOLTA cohot has been used for a large number of national clinical studies, more than 200 titles are returned is you use SCOLTA and HIV keywords in Google Scholar since 2005 [7] .
II. METHODOLOGY
SCOLTA aims to empower the pharma-surveillance systems, as relates to new anti-viral drugs. A focus on the control of unexpected and late drug adverse effects that are commonly present in each anti-retroviral treatment is embedded in the systems.
The Ligurian HIV Network can be regarded as a usual web-platform to collect clinical data, however it has some innovative aspects.
The LHN technical implementation choices are based on the recommendations by the Electronic Source Data Interchange (eSDI) group. The whole technical structure adopted and the general architectural approach of the developed solution are completely described in [8] , while the technical solutions are similar to those described in [9] , [10] . In order to fulfill the European General Data Protection Regulation (GDPR) and to assure adequate protection to SDWLHQWV ¶ SULYDF\ RQO\ LQGLVSHQVDEOH SHUVRQDO LQIormation is managed such as birth date, sex and nationality. The use of patient hospital codes, that cannot be directly connected to the identity of the patient, makes possible to track each patient through various hospital departments [3] . If a patient moves to another hospital, explicit medical communication is required. A highly normalized SQL database, developed in a Microsoft SQL Server environment, allows easy maintenance of the parameter set, collected into categories and organized by event types. Clinical results are saved into highly typified data tables, thus avoiding saving errors [11] . The web platform is developed in Microsoft .NET framework and visualization is automated by Microsoft .ascx templates, through which the web pages are dynamically loaded, based on a specific [2] . Specifically, the mapping is performed according to the definitions collected into the specifications of the Common Terminology Service ± Release 2 [12] . In this way, the data present in the LHN repository is ready to be transferred to external observational studies, since they can be interpreted in a homogeneous way.
Specifically, RLH data are semi-automatically transferred into the SCOLTA repository using the following procedure, again strongly based on the HSSP requirements:
-within the RLH web interface, the medical doctor responsible of the local site selects patients that are suitable to be inserted into a specific anti-retroviral monitoring class -RLH and SCOLTA servers exchange a set of messages according to the Cross-Reference Service (IXS) requirements in order to set up a link between the RLH index for a specific patient and the SCOLTA index for the same patient -SCOLTA, using the indication of Retrieve, Locate and Update Services (RLUS), asks for detailed clinical data of the selected patient and RLH answers with a Clinical Document Architecture (CDA-R2) containing these details -The follow-up of each patient is performed every six months. The idea to use the CDA-R2 structure to import clinical data into SCOLTA repository is due to the fact that an Italian rule[13] obliges each Italian hospital to make clinical data available in this format for the Electronic Health Record national system.
III. RESULTS
The Liguria Ethics Committee has approved this architecture and its functionalities.
The LHN currently involves the Infectious Diseases Departments of eight hospitals (two in Genoa and one each in Alessandria, La Spezia, Pietra Ligure, Sanremo, Savona and Torino). Three hospitals of this group (IRCCS AOU San Martino IST, Galliera and Sanremo) use the automatic connection betweent their Hospital Information System (HIS) and the RLH repository and from RLH to SCOLTA.
Local automatic collection of data started in 2013 and since than the three hospitals with direct and standardized connection stored a number of lab tests per year five times higher than the other hospitals, in which manual registration was still used. On average, for automatized centers more than 10500 lab-tests per year were recorded, whereas for nonautomated centers about 1900 lab-tests per year were recorded.
Automatic and standardized connection between LHN and SCOLTA started in 2016 and similar improvements have been experienced: the average number of patients enrolled per year has been increased by 5 times (from 12 to 64) and the average number of follow up forms has been increased by 6 times (from 52 to 312).
IV. DISCUSSION AND CONCLUSION
The LHN was initially set up to provide physicians with a web based tool to manage data from HIV-positive patients in primary-care and to re-use the collected clinical information to perform local clinical trials. In this paper, an extension of the former architecture is presented, which provides a system that automatically transfers clinical LQIRUPDWLRQ IURP WKH KRVSLWDOV ¶ (+5 into the LHN database. A further extension enables direct communication between the developed system and one of the main HIV national databases (SCOLTA).
The data can be automatically extracted in a standardized way, and conveyed towards the central repository for their reuse in clinical trials. Normal clinical trials, usually, copy manually data either from paper collected clinical notes or from original Electronic Medical Record systems, but stored in a proprietary format.
In order to manually collect a complete report of the laboratory activity for all the patients involved, a strenuous human effort and the allocation of great resources would have been necessary. Moreover, the risk of errors in a manual system is very high. Instead, a tool able to automatically transfer all data, such as the one described in this paper, is essential to rapidly collect all laboratory information in a reliable way.
The use of medical standards ensures possible future integration with additional health care structures, enhancing the expansion of the project. Currently this system manages and processes data coming from regional hospitals, but in the near future, it would be possible to expand it, involving extraregional facilities, thanks to interoperability efforts. Extremely important in this respect will be a wide adoption of the HSSP indications, mainly as regarding to the efforts for international terminology vocabularies adoptions [14] . The inclusion of such terminology system could solve one of the biggest problems that we faced during the expansion of the automatic connection to the Laboratory Information System (LIS) of different hospitals. Almost all LISs we encountered contained local coding systems that vary quite frequently during the life cycle of the project. The correct adoption of a CTS2 based terminology system can significantly help both during the phase of the connection adaptation and in the maintenance of the mapping system between the local code system and the adopted international code system (LOINC in Italy). 
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